Abstract. Probiotics have become a significant component of aquaculture in recent years. The use of antibiotics is decreasing successively because of their side effects in animals and their negative environmental impact, which is why alternative preventative measures are being sought. Probiotics that are effective in this field are playing increasingly important roles in safeguarding the health of fish and also as growth stimulants. The application of probiotics can help to successfully control the occurrence of disease in hatcheries, increase larval survival, and improve rearing parameters thanks to which the number of required brood-fish, which are expensive to maintain, can be reduced.
Introduction
Hatchery and larviculture are very significant parts of aquaculture, in which the production of material for stocking and pond culture is playing an increasingly important role. The most frequently cultured fish species in Poland include common carp, Cyprinus carpio L. and rainbow trout, Oncorhynchus mykiss (Walbaum), but there is growing demand for other species that are common in pond culture and also those that are particularly ecologically valuable. Consequently, it is increasingly important to produce stocking material for lakes and rivers and for pond culture that are more resistant to disease, utilize feed better, and have faster growth rates. However, the occurrence of disease under culture conditions can require the application of antibiotics, which often leads to drug resistant strains, and the long-term application of antibiotic therapies suppresses fish immune systems and hinders effective treatment. This is why innovative solutions are constantly being sought as alternatives to antibiotics that simultaneously have a positive impact on the environment and the well-being of animals.
Biological methods for protecting plants and animals have been used in various fields of agriculture, both in plant culture and animal husbandry, for many years, and probiotics and synbiotics are enjoying growing interest from scientists and are the subject of study around the world. Not without significance is the fact that, inter alia, lactic acid bacteria (LAB), which exhibits probiotic characteristics, has the status of generally recognized as safe (GRAS), which means that it is considered to be safe for consumer health. The available scientific literature indicates that applying LAB in aquaculture can limit the occurrence of fish diseases and reduce the quantities of antibiotics administered (Gatesoupe 1999) . Probiotics used in aquaculture have wide ranging impacts, but above all else they stimulate elements of the immune system to increase resistance to disease while simultaneously improving growth parameters and water quality. Probiotic bacteria for animals reared in aquaculture can be added directly to the water or with the feed, either live or granulated. It is also possible to apply one or several strains of probiotic bacteria simultaneously or together with prebiotics or synbiotic immunostimulators; however, there must not be any antagonistic interactions among the microorganism components of probiotics. Studies suggest that probiotics containing many strains of probiotic bacteria are more effective than single-strain probiotics (Chapman et al. 2011) . The origin of probiotic bacteria can be endogenous, such as strains isolated from the gastrointestinal tracts of healthy fish, or exogenous that are derived from warm-blooded animals, from the aquatic environment, or from dairy products. In the case of the last category of probiotics, tests should be carried out to verify the possibility of the bacteria adapting to and surviving in the specific gastrointestinal tract conditions of fish, where they might exhibit effective probiotic activity (Wanka et al. 2018) .
Scientific studies conducted to date indicate that administering probiotic bacteria that can colonize the fish gastrointestinal tract protects them from pathogens multiplying and stabilizes microorganism populations in gastrointestinal tracts (Ringo et al. 1995 , Gatesoupe 1999 , Verschuere et al. 2000 , Mohapatra et al. 2012 . Stabilizing gastrointestinal tract microflora participates in protecting fish against pathogens entering the gastrointestinal tract; one of the main natural defenses of bodies is a properly functioning gastrointestinal tract with fully formed intestinal flora. In this stabilized microbiome, there should be sufficient proportions of bacteria that are antagonistic against pathogenic strains. After colonization, probiotic bacteria can act on the immune system through gut-associated lymphoid tissue (GALT). However, unlike mammals, fish do not have organized lymph structures, such as Peyer's patches, and they also do not produce IgA antibodies or M cells. These functions are performed by dispersed lymphoid cells, macrophages, granulocytes, and IgM antibodies. Scientific research results confirm that probiotics stimulate immune system functions by activating various GALT cells (Piccietti et al. 2009 ).
Probiotics and synbiotics are also administered to cultured fish to stimulate digestive enzymes and increase the digestibility and assimilability of nutritional substances such as lipids, protein, and carbohydrates by increasing the activity of lipase, protease, and amylase, respectively (Tovar et al. 2002 , Askarian et al. 2011 , Mohapatra et al. 2012 , Wu et al. 2012 . When vegetable proteins are used fish feed, anti-nutritive substances render nutrient utilization difficult, and probiotic bacterial nutritional supplements can mitigate these negative effects (Wanka et al. 2018) . Some probiotic bacteria can also synthesize vitamins B and K and nutrients such as unsaturated fatty acids and their precursors, which have positive effects on the development of the fish nervous system during early ontogenesis, and they can prevent spinal curvatures (Verschuere et al. 2000 , Lamari et al. 2013 . In general, adding probiotic bacteria to fish diets promotes better food assimilation, and it enriches diets with a number of substances of bacterial origin thus contributing to increased body weight and accelerated growth rates and development.
From the perspective of protecting fish health, administering probiotic bacteria to many species reared in culture conditions such as common carp, rainbow trout, Atlantic salmon, Salmo salar L., European eel, Anguilla anguilla (L.), Nile tilapia, Oreochromis niloticus (L.), and European perch, Perca fluviatilis L. permits controlling a range of dangerous pathogens such as Aeromonas salmonicida, Yersinia ruckeri, Vibrio anguillarum, Aeromonas hydrophila, and Edwardsiella tarda (Chang and Liu 2002 , Brunt et al. 2007 , Harikrishnan et al. 2010 , Sharifuzzaman and Austin 2017 .
Selecting probiotic bacteria to administer in larviculture
Numerous scientific articles report on the use of probiotics in aquaculture in various species of 131 Barbara Kazuñ, Krzysztof Kazuñ cultured fish and crustaceans (Newaj-Fyzul et al. 2007 , Kumar et al. 2008 , Harikrishnan et al. 2010 , Das et al. 2013 . Current research focuses primarily on administering probiotics to juveniles and adults so there is not much data available on administering probiotics and synbiotics in freshwater fish larviculture, because manipulating their microbiomes has not yet piqued the interest of scientists.
The gastrointestinal microflora of freshwater fish is dominated by Gram-negative bacteria (Aeromonas spp., Pseudomonas spp. Flavobacterium spp., Acinetobacter spp.), and, it has been demonstrated that environmental factors can affect it (Izvekova et al. 2007) .
Selecting strains for larviculture that have the most favorable probiotic properties should be done comprehensively. In addition to favorable growth properties, the microorganisms chosen should have desirable functional characteristics including the ability to adhere to the gastrointestinal mucosa, and they should produce antibacterial and antibiotic compounds.
Probiotic bacteria should multiply in the intestine of fish larvae quickly enough to compensate for any deficits stemming from frequent gastric evacuation. The ability to adhere to the intestinal mucosa is an individual characteristic of different bacterial strains that is indispensable in the colonization process, because properties affecting the strength of adhesion determine how long the probiotic is in contact with fish (Collado et al. 2008) . Most fish larvae hatch with sterile, immature digestive systems that are initially inhabited by bacteria inhabiting egg surfaces and the water (Ringo and Brikbeck 1999) . Gastrointestinal colonization increases with exogenous feeding, and, over time, the fish gastrointestinal microbiome resembles the microfloral composition of natural food. Therefore, the timing of administering probiotic bacteria is crucial, because administering them in early larval stages facilitates colonization and survival among autochthonous intestinal microflora. One of the specificities the larval fish gastrointestinal environment is that it is poor in nutrients, especially glucose, which probiotic bacteria require for growth (Ringo et al. 1995) . This, combined with frequent gastric evacuation mentioned previously, render choosing appropriate strains difficult. By attaching to receptors located in the gastrointestinal mucosal epithelium, probiotic bacteria inhibit other strains from colonizing it, including pathogenic strains. Probiotic bacteria also produce metabolites with antimicrobial properties such as organic acids, bacteriocins, and hydrogen peroxide, which also inhibit the growth of pathogenic bacteria. This is how probiotics compete with pathogens for adhesion receptors, nutrients, and oxygen, and they also produce antimicrobial substances, reduce the possibilities pathogenic colonization, and inhibit their multiplication (Verschuere et al. 2000) .
Probiotic microorganisms should also exhibit enzymatic activity that facilitates digestion and food assimilation. All these features of potentially probiotic bacteria acting simultaneously and synergistically mean that they are formidable competitors for opportunistic bacteria colonizing the gastrointestinal tract, because the longer the probiotics remain in the intestinal lumen, the greater their potential is to have a healthy impact on larvae.
The most common way to administer probiotics in larviculture is through bioencapsulation, i.e., enriching brine shrimp nauplii (Artemia sp.) or rotifers with LAB and other bacteria (Gatesoupe 1994 , Planas et al. 2006 . Brine shrimp are an important food in the culture of juvenile stages of freshwater fish thanks to their small size, slow movement in the water, ease of use, and appropriate nutritional composition. They are also very useful as a vector of probiotic bacteria to larval fish and facilitate the effective administration of probiotics. The quantity of bacteria administered in this way should not, however, affect the palatability and viability of the food organisms, because adding excessive amounts of probiotic bacteria can result in the larval fish not being interested in the food (Nicolas 1989) . For some species, such as some salmonids, the larvae of which are larger and have more developed gastrointestinal tracts, probiotics can be administered with granulated feed.
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The length of time during which probiotic bacteria are administered is also important, and it should be adapted to the developmental stage of the fish, the density of the bacterial suspension applied, and the type of larviculture in which it is administered. Short-term administration might not ensure gastrointestinal tract colonization and not improve larval survival, while long-term probiotic administration can lead to the tolerance of a given probiotic, or it can even have an immunosuppressive effect. Good effects can be achieved by administering probiotics for at least two weeks, with a break from applying conventional feeding (Bricknell and Dalmo 2005) . A well-chosen strategy of immunostimulation should ensure a resting phase for the immune system, which is then later stimulated again. It is advisable to use probiotic preparations during sensitive periods for the larvae that can weaken their immunity, such as yolk sac depletion or the beginning exogenous food consumption. Immunomodulation of the immune system should ensure increased survival of larval fish by stimulating the developing immune system until the adaptive immune response develops.
Probiotics in freshwater larviculture
The embryos of terrestrial mammals develop within the amniotic cavity, while fish larvae are released directly into the water at an early stage of individual development, when their digestive and immune systems are not yet fully developed. Manipulating the intestinal microflora of fish in early ontogenetic stages, when mortality is high, can improve larval survival and food use, and it can have a positive effect on culture indexes. Enyidi and Onuoha (2016) report faster growth rates in North African catfish larvae (Clarias gariepinus (Burchell)) that were fed feed supplemented with a mixture of probiotic bacteria (Lactobacillus acidophilus, Lactobacillus bulgaricus, and Bacillus subtilis). The results of this study suggested that the addition of bacteria could also cause increased digestibility and better food utilization. Jha et al. (2015) also noted that the addition of probiotics improved survival and accelerated growth rates in larval roho labeo, Labeo rohita (Hamilton). Better growth and higher larval survival rates were also observed after supplementing beluga, Huso huso (L.) and Persian sturgeon, Acipenser persicus Borodin diets with Pediococcus acidilactici (Taridashti et al. 2017 , Zare et al. 2017 .
Bacteria of the genus Bacillus are of the most interest to aquaculture (Newaj-Fyzul et al. 2007 , Kumar et al. 2008 , Das et al. 2013 . Research on administering the commercial probiotic Protexin, which contains Bacillus bacteria, to larval rainbow trout indicated there was faster larval growth, lower feed conversion ratios, and higher protein absorption (Adineh et al. 2013) . Similar effects were observed in larval silver carp, Hypophthalmichthys molitrix (Val.) that were fed a blend of probiotic Bacillus bacteria (Bacillus licheniformis, Bacillus circulans, and Bacillus polymixa) and baker's yeast (Adineh et al. 2011) . Administering a bacterial mixture of B. licheniformis, B. subtilis, and Bacillus pumilus had a positive effect on the growth, survival, lysozyme activity, and total immunoglobulin in larval European perch (Mandiki et al. 2011 ). Increased survival rates in larval Danube sturgeon, Acipenser gueldenstaedtii Brandt & Ratzeburg were observed after dietary supplementation with the probiotic Bifitrilak (Bifidobacterium spp. and Lactobacillus spp.; Alamdari et al. 2013) . Bacillus, Pseudomonas, Acinetobacter, and Flavobacterium species isolated from hatchery systems were reported to have had positive effects on the hatching and survival of larval North African catfish (Ariole and Okpokwasili 2012) .
The effects of administering probiotic bacteria to ornamental freshwater larvae such as zebra danio, Danio rerio (Hamilton) and rosy barb, Pethia conchonius (Hamilton) have also been investigated, and results indicated that probiotics successfully modified intestinal microflora and reduced the number of pathogenic intestinal bacteria (Divya et al. 2012 , Isamma et a. 2014 ). The addition of B. licheniformis and Bacillus latrospore bacteria and the yeast Saccharomyces cerevisiae to the diet of larval guppy, Poecilia reticulate Peters that were experimentally infected with Ichthyophthirius multifiliis 133 Barbara Kazuñ, Krzysztof Kazuñ ciliates positively affected their survival (Sahandi et al. 2013) . Maradonna et al. (2013) demonstrated that dietary Lactobacillus rhamnosus bacterial supplementation had a positive effect on the formation of larval zebra danio skeletons by stimulating the expression of genes associated with ossification and inhibiting sclerostin, an inhibitor of osteoblast activity. The probiotic L. rhamnosus also had a positive effect on hormonal control, stimulating follicular maturation and inhibiting naturally occurring apoptosis in ovaries thereby increasing zebra danio spawner fertility (Gioacchini et al. 2010 , Carnevali et al. 2013 . Probiotics have become an important part of aquaculture in recent years. The use of antibiotics is gradually decreasing because of their side effects in animals and their negative environmental impact, while the amount of research focused on identifying alternative preventive measures is increasing. Probiotics and immunostimulators are playing increasingly important roles in protecting fish health and as growth stimulators. Administering probiotics can help to effectively control the occurrence of diseases in hatcheries, increase larval survival, and improve breeding indexes, which will help reduce the required number of brood-fish, which are costly to maintain.
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